Two experiments examined conjunction memory errors on a continuous recognition task where the lag between parent words (e.g., blackmail, jailbird) and later conjunction lures (blackbird) was manipulated. In Experiment 1, contrary to expectations, the conjunction error rate was highest at the shortest lag (1 word) and decreased as the lag increased. In Experiment 2 the conjunction error rate increased significantly from a 0-to a 1-word lag, then decreased slightly from a 1-to a 5-word lag. The results provide mixed support for simple familiarity and dual-process accounts of recognition. Paradoxically, searching for an item in memory does not appear to be a good encoding task.
A valuable approach to understanding recognition memory is to focus on the types of errors that people make. One type of error that has attracted interest is based on conditions where elements of studied items appear as part of new items on a recognition test. For example, crossbow, blackmail and jailbird could be presented in a study phase, but then rainbow (half old, half new; called a feature lure) or blackbird (both parts old, but recombined; called a conjunction lure) could be presented on the recognition test.
(Throughout the paper we will refer to the study words that correspond to feature or conjunction lures as parent words; e.g., Marsh, Hicks, & Hancock, 2000 .) Verbal and nonverbal materials have been used in this paradigm (verbal materials, e.g., Reinitz, Lammers, & Cochran, 1992; Underwood, Kapelak, & Malmi, 1976; Underwood & Zimmerman, 1973; nonverbal materials, Kroll, Knight, Metcalfe, Wolf, & Tulving, 1996; Reinitz et al., 1992 , Searcy, Bartlett, & Memon, 1999 , and regardless of the materials, participants reliably produce error rates for feature lures and conjunction lures that are higher than the false-recognition rate for wholly new stimuli ). The typical pattern of "old" response rates for these item types in these studies is old Ͼ conjunction Ͼ feature Ͼ new.
Different theories have been offered to account for feature and conjunction errors. The simplest proposal is that memory feature and conjunction errors are based on familiarity (Rubin, Van Petten, Glisky, & Newberg, 1999 ; also see Reinitz et al., 1992) . If the familiarity strength of an item passes a particular threshold, then the item will be judged "old." The idea is that familiarity strength increases from new to feature to conjunction to old items. Thus, the familiarity strength proposal works to explain the typical pattern of old responses given above. However, that theory offers no mechanism that would allow one to avoid errors on feature or conjunction lures .
Another theory that has been used to account for feature and conjunction errors is dual-process theory Jones, Jacoby, & Gellis, 2001; McDermott, Jones, Petersen, Lageman, & Roediger, 2000) . In dual-process theory, two processes provide alternative bases for responding on a memory test (e.g., Atkinson & Juola, 1974; Jacoby, 1991; Mandler, 1980 Mandler, , 1991 . One process is relatively automatic and often is referred to as familiarity. The second process is consciously controlled and often is called recollection. Familiarity is thought to be based on a strength continuum, whereas recollection is thought to be an all-or-none process (Yonelinas, 1994 (Yonelinas, , 1997 Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998) . Sometimes the two processes operate in concert, but sometimes the processes operate in opposition (e.g., Jacoby, 1991) .
From a dual-process viewpoint, an old-word condition (e.g., study item: pinhole; test probe: pinhole) represents an instance where automatic and controlled processes work in concert. A participant can correctly judge the status of an old word on the basis of either familiarity or recollection. However, feature and conjunction lures have been proposed to represent opposition conditions (e.g., . When the two processes are placed in opposition, the automatic process (familiarity) pushes one to make an incorrect judgment (feature or conjunction error), whereas the controlled process (recollection) aids one to make a correct judgment (correct rejection). The familiarity engendered by the elements during the study phase primes or biases one to judge a feature or conjunction lure as "old." In the case of feature and conjunction lures, recollection of a specific parent word (e.g., blackmail or jailbird) allows one to rule out a feature or conjunction lure (blackbird) as "old." (This ap-proach is consistent with a recall-to-reject proposal, e.g., Clark and Gronlund, 1996; Hintzman, Curran, & Oppy, 1992 .) When recollection for the parents is zero, feature and conjunction errors provide a good measure of familiarity. When recollection for the parents is above zero, the errors should be classified as errors on the basis of familiarity in the absence of recollection.
Jones and colleagues ) suggested that, when faced with a feature or conjunction lure, recollection for the parent words is often very low (near zero). They reasoned that feature and conjunction lures are unlikely to spontaneously cue retrieval of parent words. Also, when participants attempt to use the feature and conjunction lures as retrieval cues for the parent items (essentially cued recall), these cues prove largely ineffective. Feature and conjunction lures were suggested to be ineffective retrieval cues because (a) the old elements (cues) are out of context and (b) the meanings of the parents and feature and conjunction lures often do not overlap (i.e., blackmail and jailbird are not conceptually related to blackbird). Because recognition memory is thought to rely heavily on conceptual processes (e.g., Roediger, Weldon, & Challis, 1989; Wagner & Gabrieli, 1998; Wagner, Gabrieli, & Verfaellie, 1997) , a mismatch in conceptual information from study episode to test episode should make retrieval of the parent items difficult (predicted from a transfer appropriate processing approach, e.g., Roediger et al., 1989) .
Although recollection of the parent words often may be low, evidence for the role of recollection in feature and conjunction error prevention was reported in experiments where study repetition (single vs. multiple presentations) and response deadline (short vs. long) were manipulated . First, the hit rates for long deadline groups were higher than those for short deadline groups. This difference was argued to occur because the short deadline disallowed much opportunity to use recollection as a basis for responding. For the short deadline conditions, feature and conjunction errors increased with study repetition. For the long deadline conditions, study repetition did not affect feature and conjunction error rates. The argument put forth to explain the difference in repetition effects on the error rates was that study repetition increased familiarity and recollection to the same degree (also see, Jacoby, 1999; Jacoby, Jones, & Dolan, 1998; Kelley & Wixted, 2001 ). The increase in familiarity was evident from the increase in feature and conjunction error rates for the short deadline groups, where little time was given for recollection. The increase in recollection was evident from the null effects on repetition from the feature and conjunction error rates for the long deadline groups. The proposal was that the increase in familiarity was offset by an equivalent increase in recollection.
A third theory has used a distinction between features and configurations of stimulus components to account for results from conjunction experiments (e.g., Kroll et al., 1996; Reinitz et al., 1992; Reinitz, Morrisey, & Demb, 1994; Reinitz, Verfaellie, & Milberg, 1996) . Conjunction errors have been argued to be based on circumstances where "subjects selectively forget or fail to encode, the global structures [configurations] of the stimuli that were originally studied" (Reinitz et al., 1996, p. 287) . On the test, when configurations are unavailable (not present), only features (e.g., black and bird) can be retrieved. During the retrieval process, the features are conjoined (e.g., forming blackbird), providing the illusion that the conjunction lure occurred on the study list.
There are two major weaknesses with the feature-configuration approach. reported that 40 of 43 comparisons from different studies showed that the error rate for feature lures was higher than that for new items. However, under the feature-configuration approach, feature errors are not considered to be any different than errors for new words (e.g., Reinitz et al., 1996) . Second, recent work by Jones and colleagues has shown that the problem may be one of accessibility for configurations instead of availability (cf. Tulving & Pearlstone, 1966) . That is, as demonstrated in the response deadline conditions of Jones and Jacoby's experiments on study repetition (described above), configurations for parent words may be available during the test but may not be accessible.
1
For the sake of completeness, a final proposal from the featureconfiguration approach is that sometimes features from separate stimuli are bound together inappropriately during encoding (e.g., Kroll et al., 1996 , Reinitz & Hannigan, 2001 ). This idea has been promoted to explain effects for individuals with hippocampal damage (Kroll et al., 1996) or for nonverbal materials (face drawings; Hannigan & Reinitz, 2000; Reinitz & Hannigan, 2001) . Because this approach is still early in its development and we used neither individuals with hippocampal damage nor nonverbal stimuli, we do not comment on this approach any further.
The focus of the current experiments was on the time course of familiarity and recollection over trials in a continuous recognition paradigm where the lag retention interval of compound word parents and conjunction lures was manipulated. Only one study has manipulated the retention interval between parents and conjunction lures on a continuous recognition test (Kroll et al., 1996) . However, no clear effect of retention interval was apparent (N. E. A. Kroll, personal communication, April 2001 ).
2
Two other relevant studies have used a continuous recognition paradigm to investigate recognition memory, though neither study used feature or conjunction lures. One study, conducted by Hockley (1992) , investigated the decay of item and associative information for word pairs (A-B, C-D, E-F) by manipulating lag retention intervals. In this line of work, item information is represented by each item of a pair (A or B), and associative information is the link between items. Item information allows one to discriminate old pairs (A-B) from new pairs (X-Y), whereas associative information allows one to discriminate old pairs (A-B) from rearranged pairs (C-F). A point of interest for our purposes is that the false-recognition rates of rearranged pairs were robust, ranging from .20 to .40 (estimated from Hockley, 1992 , Figure 2, p. 1323 . Furthermore, the false-recognition rate was highest at the shortest lag (.40 at a lag of 2) and decreased across lags (lag of 4 ϭ .37, lag of 6 ϭ .29, lag of 8 ϭ .27, lag of 16 ϭ .20). (We return to the item-associative distinction in the Discussion.)
The second study examined errors for test lures that were acoustically or orthographically similar to particular study words (Raser, 1972) . In addition, the lag retention interval was varied. Across two experiments, in a high orthographic and high acoustic similarity condition, which is probably closest to our compound word conjunctions, the false-alarm rate rose sharply from a lag of 0 to a lag of 1. In Experiment 1, the error rate peaked at a lag of 3 and remained constant out to a lag of 29. In Experiment 2, the error rate peaked at a lag of 9 and declined slightly from a lag of 9 to a lag of 29.
A simple model based on familiarity strength can account for Hockley's (1992) data and much of Raser's (1972) data. In that approach, errors should be greatest at the shortest lag and, assuming that familiarity strength decays across time, should decrease across lags. Thus, the familiarity model handles the data starting from a lag of about 2-9 items and continuing over longer retention intervals. Under a dual-process approach, a reasonable prediction is that recent information should be highly familiar but accessible using a controlled retrieval process (e.g., recollection). Thus, for short lags there should be relatively low conjunction error rates (when recollection succeeds) followed by an increase in error rates (when recollection falters). This expectation reflects the pattern of error rates obtained by Raser (1972) . Error rates were very low at a lag of 0, then increased sharply, peaking after a lag of 3-9 items.
To reiterate, we manipulated the parent-to-conjunction lure lag in a continuous recognition task where an old-new decision was made on each trial. In Experiment 1, the lags were 1, 5, and 20 words. In Experiment 2, the lags were 0, 1, and 5 words. The expectation was that the conjunction error rates would be low for the shortest lags, then rise sharply, then remain constant or decrease as the lag increased. The general method for the two experiments was the same; only the lag retention intervals were different.
General Method

Participants
The participants in both of the experiments were students enrolled at the University of Kansas. Groups of 4 -16 students participated in a computer laboratory, with each participant positioned at an individual computer station. For Experiment 1, N ϭ 36, for Experiment 2, N ϭ 48.
Materials
Seventy-two compound words were used as targets, 144 compound words were used as parents (2 for each target word), and 38 compound words were used as fillers. Each target word (e.g., checkpoint) was part of a triplet, such that two other words (parents: checklist, needlepoint) contained the first and second component of the target. For the conjunction conditions, each feature (check and point) was presented once as part of a parent word (checklist and needlepoint) and once as part of a conjunction lure. A Micro Experimental Laboratory software program (Schneider, 1990 ) was used to run the experiment on IBM-compatible computers.
Procedure
The compound words appeared one at a time in a 256-trial continuous recognition test. Each word was presented for 1.5 s, followed by 250 ms of blank screen, which was followed by a 1.5-s response interval. Participants made a recognition judgment for each word by pressing one of two keys. If a response was entered in less than 1.5 s, then the computer screen went blank for the remainder of the 1.5 s. If a response was not made during the response period, the computer displayed the message "TOO SLOW" for 500 ms, and the next trial began. To anticipate the results on time-outs, the proportion of time-outs out of all trials was .01 in both experiments. Thus, the duration of each trial was constant, except on the rare time-out trials. The intertrial interval was 500 ms. The critical trials were those that repeated a target (old) or the components of two parent words (conjunction lure), and the number of words intervening the first and second presentation (lag) was manipulated. Following the approach of Kroll et al. (1996) , for the conjunction conditions, the lag was determined by the number of words between the most recent parent and the conjunction lure.
The design contained two within-subject variables, item type (old, conjunction, new) and lag (1, 5, and 20 in Experiment 1; 0, 1, and 5 in Experiment 2). The first presentation of the target words in the old condition were regarded as new words, which provided a baseline measure for false recognition. For the conjunction conditions, the order of the parent words was counterbalanced, and the mean number of words between the two parent words was 2 words (range: 1-3 words) for each retention lag condition. Six lists of 12 triplets were used. There were 256 total trials: 36 first presentation words (new), 36 second presentation words (old), 72 parent words, 36 conjunction lures, and 38 fillers, which were repeated. The various item types were evenly distributed throughout the test. Twelve test versions were used to balance the lists across item types and the order of the parent words.
In each experiment, participants were informed of the conjunction lures prior to the task. We wanted participants to reject conjunction lures because they recollected the presentation of one of the parents. However, in the absence of such a recollection, we wanted participants to be willing to respond on the basis of familiarity. In other words, we wanted participants to exclude conjunction from old judgments on the basis of recollection of a parent instead of an unwillingness to respond on the basis of familiarity. This small dilemma was addressed by instructing participants that they should try to identify exact matches as "old" but, if they were unsure, to guess "old." This liberal instruction was used to encourage participants to respond on the basis of the influence of familiarity when recollection was absent. However, participants were told that if they remembered that part of a word appeared in a different word earlier in the list, then they could be certain that the word was new. This part of the instruction was meant to describe how a conjunction word could be ruled out with recollection. An example of a conjunction lure was given, and participants were questioned to ensure that they understood how they should respond if they realized part of a word occurred in a different word earlier in the list or if they were unsure whether a word was old. A short practice list, which included conjunction lures, was given to familiarize participants with the procedure.
Results
For both experiments, the proportion of "old" responses was based on the total number of trials within a condition, regardless of whether a response was made. The proportion of response failures (time-outs) out of all trials was extremely low for both experiments (.01). Also for both experiments, the proportion of "old" responses for conjunction words was significantly higher than that for new words, and the proportion of "old" responses for old words was significantly higher than that for conjunction words. For all statistical analyses, alpha was set at .05.
Experiment 1
The mean hit rate was high (.92), the mean false-alarm rate to new words was low (.08), and the mean conjunction error rate fell in the middle (.45; see Figure 1 ). The overall level of conjunction errors was impressive. Of greater interest was the effect of lag on the conjunction error rates. The conjunction error rate was highest for the shortest lag (.51) and decreased as the lag increased (.46 and .39 for the 5-word and 20-word lags, respectively). The hit rate decreased as the lag increased, but the decrease was smaller than the one found for the conjunction condition (lag 1 ϭ.94, lag 5 ϭ .93, lag 20 ϭ .88). A 2 (item type) ϫ 3 (lag) repeated measures analysis of variance (ANOVA) produced main effects of item type, F(1, 35) ϭ 218.37, MSE ϭ 0.05, and of lag, F(2, 70) ϭ 14.48, MSE ϭ 0.01. The Item Type ϫ Lag interaction was not significant, F(2, 70) ϭ 1.60, MSE ϭ 0.01. (Interpretation of this interaction should be considered with caution because of a ceiling effect for old words.) The specific interest was aimed at lag effects for the conjunction condition. A repeated measures ANOVA on those data gave a significant result, F(2, 70) ϭ 9.25, MSE ϭ 0.01. A follow-up Tukey test showed that the error rate for the 20-lag condition was significantly lower than the error rates for the 1-and 5-lag conditions (critical difference ϭ .06).
Experiment 2
As in Experiment 1, the mean hit rate was very high (.95) and the mean false-alarm rate to new words was quite low (.05). The false-alarm rates for conjunction lures fell between the two other conditions (M ϭ .42; see Figure 2 ). The zero-word lag produced the lowest conjunction error rate (.37). The error rate increased for the one-word lag (.46), then decreased slightly for the five-word lag (.44). The hit rate decreased slightly across from lags 1 to 5 (lag 0 ϭ .96, lag 1 ϭ .95, lag 5 ϭ .92). A 2 (item type) ϫ 3 (lag) repeated measures ANOVA produced significant effects of item type, F(1, 47) ϭ 370.03, MSE ϭ 0.05, and of lag, F(2, 94) ϭ 4.62, MSE ϭ 0.01, as well as a significant interaction, F(2, 94) ϭ 9.05, MSE ϭ 0.01. The interaction was followed up with two repeated measures ANOVAs, one on the hit rates, F(2, 94) ϭ 8.09, MSE ϭ 0.003, and one on the conjunction error rates, F(2, 94) ϭ 6.77, MSE ϭ 0.02.
3 A follow-up Tukey test for the old conditions showed that the hit rate for the five-word lag was significantly lower than that for the zero-word and one-word lags (critical difference ϭ .02). For the conjunction conditions, the error rate for the zero-word lag condition was significantly lower than the error rates for the one-word and five-word lag conditions (critical difference ϭ .07). Analyses on the reaction times showed that the mean reaction time for correct rejections was lowest (fastest) in the zero-word lag condition. Thus, there was no evidence for a speed-accuracy trade-off.
Discussion
The results from the two experiments give mixed support for familiarity and dual-process accounts of recognition memory, and the evidence in favor of the dual-process theory over the familiarity approach is not strong. The results of Experiment 1 provide support for the simple familiarity model but no support for a dual-process model. Error rates were highest at the shortest lag and decreased as the lag retention interval increased, presumably due to decay. The fact that a lower error rate did not occur for the one-word lag condition compared with the five-word lag condition was unexpected, even given Hockley's (1992) results (where the shortest lag was two words). We had expected participants to be able to use recollection to avoid conjunction errors at least at a lag of one word. (This pattern of results for the 1-, 5-, and 20-word lag intervals is reliable. We have explored variations of the procedure in separate experiments by using feedback on incorrect conjunc-3 There was a significant Parent Order ϫ Lag interaction, F(2, 94) ϭ 4.01, MSE ϭ 0.04, where the difference between the zero-word and one-word lag conditions was driven more by the parent order CB, AD (conjunction AB) than AD, CB (conjunction AB). (There were no order effects in Experiment 1.) However, a recent experiment conducted by the first author did not reproduce this significant Order ϫ Lag interaction. Thus, we do not provide an interpretation for the Order ϫ Lag interaction. tion trials or by increasing the study time and forcing participants to wait for a fixed period before responding. Although the overall conjunction error rate and hit rates have changed, the general pattern of results has been reproduced in each case.)
The results of Experiment 2 show, first, that participants understood the instructions to recollect earlier words to avoid conjunction errors. Second, the results for Experiment 2 give mild support for dual-process theory over a simple familiarity theory. Under the familiarity viewpoint, the error rate should have been highest at the shortest lag (zero). However, the error rate was lowest at the lag of zero, which is predicted by dual-process theory. In fairness to the familiarity approach, the simple familiarity model can account for the data at lags greater than zero. However, some other factor is needed to account for the lower error rate in the zero-word lag condition. For a familiarity account, that factor might involve retrieving the item from short-term or working memory or using an additional type of information (e.g., context) to avoid the error.
Although dual-process theory does not make predictions about specific lag conditions, a reasonable expectation is that a lower conjunction error rate should be obtained for relatively short lags (e.g., 1-2) compared with middle range lags (e.g., 5-10). Thus, one puzzle concerns the higher conjunction error rate at a lag of 1 word than at lags of 5 and 20 words. We have already pointed out that recollection for the parent items typically may be low, and we have described how the conjunction lures may be poor retrieval cues for the parent items (e.g., old elements in a new context and lack of transfer of conceptual information from parent(s) to conjunction lures). The continuous recognition task, itself, may be important, too. Trying to make a recognition judgment on each trial may interfere with trying to use good encoding strategies for later remembering. In other words, the continuous recognition task may put participants in a divided attention condition. Divided attention has been found to reduce the influence of recollection but not familiarity (e.g., Jacoby, 1999; Jacoby, Woloshyn, & Kelley, 1989) . Thus, a heavy reduction of recollection in the current experiment would have left familiarity relatively unopposed. If one considers the continuous recognition task as a type of divided attention task, then one would expect recollection of the parents to be relatively low, even at short lag retention intervals. The evidence for the role of recollection (i.e., recalling to reject) from the present paradigm, therefore, is probably very conservative.
While the dual-process approach accounts for the pattern of data in Experiment 2, what is surprising is that the error rate was still robust at a lag of zero. Thus, recollection was not always successful in preventing errors at a zero-word lag. Aside from the difficulties for recollecting parent words that we have already proposed, the high error rate for the zero-word lag could reflect some participants' low recollection ability or abandonment of a strategy to use recollection because of the extra effort involved.
The distinction of item and associative information has been useful for memory of word pairs, and this approach might also be applied to feature and conjunction errors. However, recently pointed out that the item-associative distinction does not clearly map onto words where syllables or lexical units are conjoined (e.g., emblem, blubber: ember; or blackmail, jailbird: blackbird, respectively) . With word pair stimuli, the two words appear as separate items and associative information is used to link the two words. With polysyllabic and compound words, the elements combine to produce a new word with a new meaning. (As a result, the lexical elements may be processed less as individual items relative to the two words in separate items in word pairs.) Thus, it is unclear whether polysyllabic and compound words would be considered to contain associative information. Certainly, a loose definition of associative information could be applied to the links between components of polysyllabic words, compound words, and word pairs. However, such a definition might not capture that a particular concept is created for polysyllabic and compound word conjunctions but not (usually) for word pair recombinations. The item-associative distinction may provide an additional platform for understanding feature and conjunction errors. Our goal here is simply to raise some points for consideration when that framework is applied. (One potential approach would be to combine the item-associative approach with dual-process theory, e.g., Kelley & Wixted, 2001; Westerman, 2001; Yonelinas, 1997; Yonelinas, Kroll, Dobbins, & Soltani, 1999.) In conclusion, our results demonstrate that memory performance can rely heavily on familiarity in a continuous recognition task. While this reliance on familiarity can produce high hit rates, it also can come at the cost of high error rates. What is most striking is that recollection for parent words (in the form of cued recall) can be so ineffective, even at lag retention intervals as short as one word. Poor recollection in this conjunction paradigm probably occurs because the continuous recognition task creates a condition of divided attention, which is coupled with the problem that the conjunction lures are not good retrieval cues for the parent words. What is paradoxical is that judging whether a word has occurred on an earlier trial does not appear to be a good encoding task.
